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(54) Pressable glass ceramic, method for the fabrication thereof, and method for the fabrication 
of a dental restoration using such glass ceramic 



(57) The invention relates to a particular pressable 
glass ceramic which contains lithium silicate glass and 
leucite. Further, the invention concerns the application 
of leucite for stably increasing the thermal expansion of 



a glass composition. Finally, the invention relates to 
methods for fabricating glass ceramic and dental prod- 
ucts therefrom. 
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Description 
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(meas Uredin metem P el^ 0 %t?o^) 'X ? s ? "T* ^ ">** has * ^TE o, 9-10 ^ K 

[0006] Oneofth en „ t t6r P9rt P ° Ssess a h '9her coefficient of thermal 

a moiten giass phase, ^1^52^^^^ that ^ f0rmation of te "<** at 950- 110 0»C fro m 
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> • ♦ • et a hip also after carrying out heating steps required in the processing, 

a high thermal expansion that ,s stable also aMxany 9 ss ceramic containing: 

[0012] Thus, the invention concerns in a first aspeci a pre*** y 

lithium silicate glass 30.0-90.0 wt. %; and 
synthetic pure leucite 1 0.0-70.0 wt. %. 

Lucite can occur in two <>^n^^^J^^^^^ above il ' the CUbiC ^ T ° ' nCreaSe f 
and cubic leucite occurs at 625°C; below ^9^^^*^ this crystalline form has an expansion of 
thermal expansion, crystallization of tetragonal euc, to ■ *™£^ n ^ 1Q ^ K . 

about 22 pm/m.K. Cubic ieucKe, by contrast^ only has J^J«JJ ^ from mixtures 0 f, for instance, KHC0 3 . 
[0015] Crystalline leucite can be Prepared not «^^^ lom0tric compoS ition of leucKe. Thus, after 
Al 2 0 3 and Si0 2 . These mixtures are composed sc i as to nave to Qu ^ preparatlon 

crystallization, theoretically up to 100 ^ - J^'l^^tS is formed at temperatures below the 
method, it is to be ensured that no glass f^J^J. ,^er to generate a sufficient conversion rate, the 
melting point of the synthetic leucite, which s ^J^^^J^ when the leucite is prepared from the 

pj?f)%3S™'s :,w 

leucite which crystallizes from a glass phase, sucn as »« 

[0017] It is incidentally noted that the preparation of ^J^^ leucite . This (synthetic) leucite 
Nlceo.ar, naphelina sy.n«a centals mu* alumnus Mow. TJ. |.v 

Mum silicate glass as tl», outlined «'«"^ " 3"°^ ^^."^1 In dental percel.ln and poMsto 
[00M1 US-A-6,622.551 also daecnbe. ^'^XT^^n, ,„ which i, . Incorporated a,, alkali Ml 

than 0.4 nm/m.K. particular to lithium disilicate glass ceramic mod.fied 

Sr-e ,ass ceramic isproduced by melting ™ 7 ^.tl ^^SSSS 

Is formed. The" glass is dried and ground. The ^""^^the g.ass ceramic, however, is too 

and is consequently highly suitable as a press c^ Jhe CTE (. 10 pm 

low to fire on with ceramic masses conventional for met* ' cer ^. jc |eucit e according to the in- 

[0025] Highly suitable lithium disilicate glass ^^^^^ 572 The lithium silicate glass com- 

^^tsws sszszzu «* -Nap tW s».«. 
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P^n^O^oi ^een (Na 2 Q + K 2 G + CaO ♦ SrO + 

agent 1 .5-7% P 2 o 5 and/or 0.0001 -0 1% Pd fe Jevti IT ? a " Ce C0 " Sists of Si °*' where in as nucleation 

and additives can be present. Her a.fp^ 

^to^ 

scribed. Trie Hthium disi^cor^Ssli^ re^f "T^ °' ^ "ran,** is 

Positions are incorporated into the present ^ * th * P '~ nt inVention " a " d ««• corn 

=^o^ 

Al,0 3 ; 0^1-6 % La2 o 3 ; wherein the content o To f^/ 0 sTm n 57 ' 8 ° % Si ° 2; 11 ' 18 » Li * 0 «% 
MgO + ZnO is 0.1-9%; 0-11% P 2 o s ; and 0-13 5% k o S ' °" 5% Mg0; 0 " 8 %2nO; wherein the intent of 

[0028] The synthetic leucite is Jed in an amolrn bet^i C ° ,0rantS and additives are Present 

higher than 70%, the individua. ,euci,e part" Z Zc* 1° ^ 7 ° ^ At a Percentage by weight of leucite 

between the granules, in fact, the best resuteln 221 m ' Um Si,icate """"ons only as nflltra e 

•eucfte is at 60% and preferabty a, XT^^w^,^^ Med Whe " ^ iS^ES 
value contemplated for the total composition Tvoic^ J hi m,Ca,; and is in fact determined by the CTE 

[0029] ,„ addition to the essentia. ^T^Tp^"^ 5 ° Sy " thetic leucita «■ °e use 
components can be present in amounts of 0-8 0 Z % a wel J^T t^'" 9 to the invention ' conventional color 
cen a. applications in amounts of, for instance 0-e o Z t ^ZT.™™ 0 ™ known P er for press ceramics for 

weight of a powdered lithium .£? ^^£251 2 ^ ^ 3 °- 90 P a « a by 

[OS;' " Mn ,e f Und6r Umi ' 8 s ^ed-up ProdS Zined mi ~ d a "< the" 

M--=!=aKEr 1 - P-rably be.een , 

particles in the range o, 1-5, and pn^,?JJXtE£ JSl? eVen,Ua, When usin 9 *e leudte 

cracking occurring. Hm ' ceram,c or Porcelain can in fact be fired ad infinitum without 

talj^ 

subsequently pouring this melt into water the rebv ta™f„„ ? 6 * 9 tem P eratur e between 1100 and 1700°C 

desired grain size. The degree of gnnd ng' ^£!Z^!T ^ 9rindin9 thiS 9 ' aSS 
preferably between 1 and 40 um, and preferably be^enT and 10 u^ TJ*T P* 1 and 1 00 ^ 

to the degree of grinding of the leucite. Mixing is done te a weiah X rZ 'J^SS?'^" de9We ° f 9rindina corresponds 
whilst intensive mixing can be done by grinding oM Jivothf mT x 1°'° 10/90 ( |euci ^ithium silicate glass) 
the sol,d color particles and other desireLdd^es Tan ^ 

a pellet of predetermined dimensions. The ^0^^^"^^^* 

temperature of typically 400 to noo °C, though in a^^Ei^^™** U " der Vacuum and a » a 

tooneormoreheattreatmen,stoe ff ec,s^ 

sa *~r? a dentai — — - —p 

melting point of the synthetic leucite, and preferaWy at ^^7^ * 3 tem P*rature lower than the 

SoirS - ? 3 PreSSUre ° f 2 " 1 ° barS ' 10 ^^SS: ^"r 0 -.--*™* application 
[0034] The dental restoration can subsequently be" rl on P ^ '* P re,erab 'y machined, 

smtenng ceramic, a glass ceramic, a glass a g aze in Jor a cl^T" T^"' ° n 98 3 COa,in 9- a sarnie, a 
sintenng temperature of 650-950»C and a li near the'nrw lov COrnpOS,te can b e applied. The coating suitably has a 
product to be coated. Preferably the Sea* th^l 2 ex P a "sion coefficient which is lower than that of the denta* 
M r + 003^ ^ /m K ,r ° m ,hat ° f ^^ct eXPanS ' 0n C ° effiCient 01 thS C ° atin 9 d0 - -t deviateby mo^htn 

on the materia, with, for instance. Carrara® P^TTX^SSTC^^ ~ 
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10 



15 



20 



- t hoiow 1130°C so that it is suitable for use in the ovens of a dental labo- 

be below 1000°C. Cvnancion IC T E ) is creferably in the range of 15.0 + 0.3*1 0*'C- 1 (measured in 

STuL, the invention reiates to a 

restoration or a support structure for porcelain to be And ^ ™*J KSS the invention relates to a 

described method for fabricating a glass ceramic, and ' o^J^nj aXs ceTamte ^cording to the invention, fol- 
method for fabricating a dental product, composing partially s ^ e "^J^ooM to be fired on, by grinding the 
,owed by fabricating therefrom a dental restoration or « the 
partially sintered glass ceramic in a form enlarged by the up completely in a first step, 

ground product to the end density. In this embodiment, the ^^^^^^^ the particles to be 
The sintering process is interrupted at a suitable moment v,z^ e ^ 

sintered. This ta.es place, for ^^^^£^^^u„ inslance, and preferab,y so, 
5 minutes) at a temperature of some 750-850 C. The tmai simer g * f b t 900 . 10 50°C. 

by sintering for a few minutes (3-1 0 minutes, preferably 5 m.nutt«) at ^^otUe presintered product is greater 
[0039] When presintering is done, the density ^.^^^ZSm^ account of this by using 
than that of the restoration or support structure contemplated. The dental technician 

„ ^r^izic^ - 

embodiment discussed being intended to limrt the method. s{ub Qf ^ 

[0042] Before a patient is fitted with, for *^^^£^*^T££o.7 mm in thickness. Onto 
stub, a gypsum model is made. Onto the gypsum model aw a flayer « applied ^ 

the top of the cap, a runner channel is proved ° For 7eTts in a laboratory, a metal model can be 

the cap, it is properly blown dry and taken from the gypsum model. For tests in a .aco-a y, 

used, because it is reusable. ™,, lr ^ or , n »,hirh the cao is attached eventually forms the press 

[0043] The wax cap is attached to a muffle base. The cylinder to which the cap _is anacn y , js 

channel Onto the muffle base a paper cylinder is fixed having thereon a ^^Zb^SS^^ to remove 
then filled with a conventional embedding mass; during filling flie ^muffle base stands on a P ^ ^ 

is a cylinder of hardened embedding mass (the muffle). tomriprature Wna t is presently left in the muffle is 

[0044] The wax cap that is still in the muffle is evaporated at high temperature, wnai pres y 

a cavity having the shape of the wax cap. . f th burnou t oven 

[0045] The muffle is now ready for the pressing procedure. To that end, the muffle .s _ tefc ^ ot T subsequently 
and subsequent* a press pellet of the ceramic according ^r^^^^^^l respect to the 

Se] The pressing parameters such as tempe^^ 

porosity remains behind in the cap. , Th npnet ration depth of the plunger is marked 
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mas 5 s 1, % ^Ztt£^^^ b ^ b - consist^ of 13 mass % feldspar 33 

made to which P 2 O s has beTadde^^ a 9'ass has been 

then placed in the oven in mullile crucibles 9 ^ Ch< ; m,Cals are mixed in a tilting mixer and 

at this temperature for 4 hours. Upon hea«n g Tc^ 

reaction products in the form of ga bubbles^ v iscosTof thJSTT k° M ^ T ° a "° W esca " e ° f *• 
high enough. To make sure that all chemicals hav 1 '° W en ° U9h a " d h6 " Ce the temperature 

[0052] Afterthe oven cycle, the glass mett s 0^1^, ,T ' ,he ° Ven ' S he,d at 1340 ° C ,or 4 h °"s. 
(from 1340»C to 25-C,, L g.ass fLTs X -T^^KST^'"?: ? 8 ^ °' Shock 
gra,n size < ,06 ^ The CTE o^l «eJ S^^^^^ 9 ™ d *> ^ I* 

Example 1 (comparison) 

[0053] A high-leucite glass frit (Component 1 from US-A-3 05? QR5> wac m- „ ■ . 

m a weight ratio of 40:60. The expansion values areg^enln S 1 in?" ^ T, Si ' icate described - 

progressively with each firing phase. 1 ' The coef " c,ent of thermal expansion decreases 

Example 2 

^1^^^ -nods were foHowed and compared w*h each other 

baHite) 50%) which after differen h^^ *' 2 °3 21 .2 wt.%; Si0 2 (cristo- 

out at 1 S50°C yielded a good product- the method LT tetragonal leucite. Only the method that was carried 

Preparing leucite at 1550°C 

CS^JKS --^^^^ — to be seen on the outside of 

temperature has an = 14 .30«10-6 »c S an" U Zl^on^ZTrT'T^ 1550 ° Ca *™™ 

requ.rement of 15.00 ± 0,30*10-6 °c-i and strength ,tJ n l , J These values are below the expansion 

The product obtained at W ^SSfi?^? 2 °° ^ ^ Sti " b * 
The results are shown in Table 1.6 v ' 



J Firing cycle 

01 


^s-soo °C (* 
Example 1 


10- 6 °C* 1 ) 
Example 2 


Firing cycle 


a 25-500 °C (* 1 

Example 1 


Q-6 OQ-1J 

Example 2 


1 


14.95 


14.30 


5 




14.88 


2 


13.43 


14.80 


6 




14.71 


3 


12.80 


14.60 


7 




14.63 


4 


11.50 


14.83 


8 




14.89 J 






14.96 








measured after sintering, without firing-on cycle 







Claims 

1 . A pressable 



glass ceramic, containing: 



lithium silicate glass 
synthetic pure leucite 



30.0-90.0 wt.%; and 
10.0-70.0 wt.%. 
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}* 

2. A glass ceramic according to claim 1 , wherein in the lithium silicate glass Li 2 0 and Si0 2 are present in a mutual 
weight ratio between and 2/3. 



3. A glass ceramic according to claim 1 or 2, wherein the lithium silicate glass further contains 0-8.0 wt.% of Ai 2 0 3 , 
MgO, La 2 0 3 , MgO, ZnO, K 2 0, P 2 0 5 , B 2 0 3 , F, Na 2 0, Zr0 2 , BaO and/or SrO. 

4. Use of synthetic leucite for stably increasing the thermal expansion of a lithium silicate glass composition. 

5. A method for fabricating a glass ceramic according to any one of claims 1-4, wherein 30-90 parts by weight of a 
powdered lithium silicate glass and 1 0-70 parts by weight of powdered synthetic leucite are mixed and the mixture 
is heated under vacuum until a sintered-up product is obtained. 



6. A method for fabricating a dental product, wherein the sintered-up product obtained according to claim 5 is pressed 
at an elevated temperature, though at a temperature lower than the melting point of the synthetic leucite, and 
preferably at a temperature of 700-1 200°C, and through the application of pressure, preferably a pressure of 2-1 0 
bars, to form a dental restoration. 



20 



25 



30 



7. A method according to claim 6, wherein the dental restoration is fired on with a fire-on porcelain : or, as a coating, 
a ceramic, a sintering ceramic, a glass ceramic, a glass, a glaze, and/or a composite is applied. 

8. A method for fabricating a dental product, comprising fabricating a dental restoration or a support structure by 
milling a sintered-up product obtained from the method according to claim 5 and optionally firing it on with porcelain. 

9. A method for fabricating a dental product, comprising partially sintering a glass ceramic according to claim 1 or 2; 
fabricating a dental restoration or a support structure therefrom by grinding that partially sintered glass ceramic 
into a form enlarged by the sintering shrinkage factor; and sintering the ground product to final density. 

10. A method according to claim 8 or 9, wherein the grinding is carried out utilizing a computer-controlled milling 
machine, controlled by a data file generated by a computer-assisted design system. 
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Temperature profile 
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Fig. 1 
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Chemicals for 
lithiym silicate 



-y 2 hour mixing m 



RRM 



-melting in electric oven 
1.3 °C/m'm^l340 o C,4hours 




— quenching in water 



- 5 hours drying in drying oven 
150 X 

- 2 hours grinding in ball mill 
with HD-balls 
screening <106|im 



lithium silicate glass frit 



Chemicals for 
lithium silicate 



— 4 hours grinding in ball mill 
with HD-balls 

— screening <l06pm 



— heat treatment 




— chipping leucite from 
crucibles 

- 2 hours grinding in ball mill 
with HD-balls 
screening <106^m 



leucite powder 



Fig. 2 
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